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I. INTRODUCTION
The wireless networks and devises are becoming increasingly popular and they provide users access to information and communication anytime and anywhere [1] - [12] . Wireless Mesh Networks (WMNs) are gaining a lot of attention because of their low cost nature that makes them attractive for providing wireless Internet connectivity. A WMN is dynamically self-organized and self-configured, with the nodes in the network automatically establishing and maintaining mesh connectivity among them-selves (creating, in effect, an ad hoc network). This feature brings many advantages to WMNs such as low up-front cost, easy network maintenance, robustness, and reliable service coverage [13] . Moreover, such infrastructure can be used to deploy community networks, metropolitan area networks, municipal and corporative networks, and to support applications for urban areas, medical, transport and surveillance systems.
Mesh node placement in WMN can be seen as a family of problems. It belongs to the family of placement problems, which are shown (through graph theoretic approaches or placement problems, e.g. [14] , [15] ) to be computationally hard to solve for most of the formulations [16] . In fact, the node placement problem considered here is even more challenging due to two additional characteristics: (a) locations of mesh router nodes are not pre-determined (any available position in the considered area can be used for deploying the mesh routers), and (b) routers are assumed to have their own radio coverage area. Here, we consider the version of the mesh router nodes placement problem in which we are given a grid area where to deploy a number of mesh router nodes and a number of mesh client nodes of fixed positions (of an arbitrary distribution) in the grid area. The objective is to find a location assignment for the mesh routers to the cells of the grid area that maximizes the network connectivity and client coverage.
Node placement problems are known to be computationally hard to solve [17] - [19] . In some previous works, intelligent algorithms have been recently investigated [20] - [26] .
In this paper, we deal with connectivity and coverage in WMNs. Because this problem is known to be NP-Hard, we propose and implement a system based on Hill Climbing algorithm, called WMN-HC (WMN-Hill Climbing) . We analyze the WMN-HC simulation system data by using Friedman test. We consider Size of Giant Component (SGC) and Number of Covered Mesh Clients (NCMC) as metrics and different number of router nodes and mesh client nodes.
The rest of the paper is organized as follows. The mesh router nodes placement problem is defined in Section II. We present our proposed and implemented WMN-HC simulation system in Section III. The simulation results are given in Section V. Finally, we give conclusions and future work in Section VI.
II. NODE PLACEMENT PROBLEM IN WMNS
In this problem, we are given a grid area arranged in cells where to distribute a number of mesh router nodes and a number of mesh client nodes of fixed positions (of an arbitrary distribution) in the grid area. The objective is to find a location assignment for the mesh routers to the cells of the grid area that maximizes the network connectivity and client coverage. Network connectivity is measured by SGC of the resulting WMN graph, while the user coverage is simply the number of mesh client nodes that fall within the radio coverage of at least one mesh router node.
An instance of the problem consists as follows.
• N mesh router nodes, each having its own radio coverage, defining thus a vector of routers. • An area W × H where to distribute N mesh routers.
Positions of mesh routers are not pre-determined, and are to be computed.
• M client mesh nodes located in arbitrary points of the considered area, defining a matrix of clients. It should be noted that network connectivity and user coverage are among most important metrics in WMNs and directly affect the network performance.
In this work, we have considered a bi-objective optimization in which we first maximize the network connectivity of the WMN (through the maximization of the size of the giant component) and then, the maximization of the number of the covered mesh clients.
III. PROPOSED WMN-HC SYSTEM

A. HC Algorithm
HC is local search algorithm and is based on incremental improvements of solutions as follows: it starts with a solution (which may be randomly generated or ad hoc computed) considered as the current solution in the search space. The algorithm examines its neighboring solutions and if a neighbor is better than current solution then it can become the current solution; the algorithm keeps moving from one solution to another one in the search space until no further improvements are possible. There are several variants of the algorithm depending on whether a simple climbing, steepest ascent climbing or stochastic climbing is done:
Simple climbing: the next neighbor solution is the first that improves current solution.
Steepest ascent climbing: all neighbor solutions are examined and the best one is chosen as next solution.
Stochastic climbing: a neighbor is selected at random, and according to yielded improvement of that neighbor is decided whether to choose it as next solution or to examine another neighbor. This kind of climbing has more general forms known as Metropolis and Simulated Annealing algorithms.
There are several versions of the algorithm are possible depending on the way a neighbor solution is selected.
It should be noted that HC usually ends up in local optima, which can be overcome in some cases by adopting additional techniques such as: (a) getting back to a previous state and exploring another direction; (b) jumping to a new solution, possibly "far away" from current solution; (c) considering several search direction in solution space at the same time.
B. WMN-HC system for Mesh Router Node Placement
We propose and implement a new simulator that uses HC algorithm to solve the problem of node placement in WMNs. We call this simulator WMN-HC. Our system can generate instances of the problem using different iterations per phase of client and mesh routers. The GUI interface of WMN-HC is shown in Fig. 1 .
We present here the particularization of the HC algorithm (see Algorithm 1) for the mesh router node placement problem in WMNs.
a) Initial solution: The algorithms starts by generating an initial solution either random or by ad hoc methods [21] .
b) Evaluation of fitness function: An important aspect is the determination of an appropriate objective function and its encoding. In our case, the fitness function follows a hierarchical approach in which the main objective is to maximize the SGC in WMN. Return s * , f * ;
16: until (stopping condition is met) c) Neighbor selection and movement types: The neighborhood N (s) of a solution s consists of all solutions that are accessible by a local move from s. In the implementation of HC, we defined three different types of movements, namely, Random, Radius and Swap. We also considered a fourth movement type which is a combination of Random, Radius and Swap movements.
Random: This movement chooses a router at random and places it to a new position selected at random in the grid area.
Radius: This movement selects the router of largest radio coverage and places it in the most dense area in terms of number of client mesh nodes of the grid area. This movement could yield better performance but has the drawback of concentrating mesh routers in the most dense area of clients.
Swap: This movement consists in exchanging the placement of two routers. More precisely, the worst router (that of smallest radio coverage) in the most dense area (in terms of number of client mesh nodes) is exchanged with the best router (that of largest radio coverage) of the sparsest area. The idea is to promote the placement of best routers in most dense areas of the grid area.
Combination: In this movement, we consider a composition of previous movements in blocks yielding to a larger sequence:
< d) Acceptability criteria: The acceptability criteria for newly generated solution can be done in different ways (simple ascent, steepest ascent, or stochastic). In our case, we have adopted the simple ascent, that is, if s is current solution and m is a movement, the resulting solution s obtained by applying m to s will be accepted, and hence become current solution, if the fitness of s is at least as good as fitness of solution s. In terms of δ function, s is accepted and becomes 
IV. FRIEDMAN TEST
The Friedman test [27] is a nonparametric statistical test of multiple group measures. It can be used to approve the null hypothesis that the multiple group measures have the same variance to a certain required level of significance. On the other hand, failing to approve the null hypothesis shows that they have different variance values.
We analyze the difference in performance among the number of located mesh routers using Friedman test. We considered as null hypothesis H 0 that there is not difference in the performance among the number of located mesh routers. And as alternative hypothesis we considered H 1 that there is difference in the performance among the number of located mesh routers. As value of the hypothesis testing we took the maximum value of NCMC and SGC. The significance level in this testing hypothesis is α = 0.05. We reject H 0 for p < α, Here, r is a number of row, c means a number of colunm, R j is the j th colunm's ranked numbers, respectively.
p-value is the probability of obtaining a test statistic at least as extreme as the one that was actually observed, assuming that the null hypothesis is true
V. SIMULATION RESULTS
In this section, we show simulation results using WMN-HC system. In this work, the grid size is considered (25 × 25) . The number of mesh routers is considered 8, 16, 32, 64, 128, 256 and the number of mesh clients 48, 96, 192, 384. We used Uniform distribution of mesh clients. In Fig. 2 Fig. 3 . The results of Friedman test show that p-value of SGC is 0.14. Then we adopt H 0 because p > 0.05. For NCMC, p-value is 0.0136. Thus p < 0.05 and H 1 is adopted.
In Fig. 4 , we increase the number of mesh clients to 96. The results also show that p-value of SGC is 0.14. So we adopted H 0 . The p-value of NCMC is 0.0427. Thus we adopt H 1 since p < 0.05.
In Fig. 5 , we show results when the number of mesh clients is 192. The p-value of SGC is 0.0934, thus H 0 is adopted. While, p-value of NCMC is 0.0086, so we choose H 1 . We show results when the number of mesh clients is 384 in Fig. 6 . The p-value of SGC is 0.1325. Thus H 0 is adopted. For NCMC p-value is 0.03. Therefore, we adopt H 1 .
These results show that there is not difference for SGC parameter. However, there is difference for NCMC parameter.
VI. CONCLUSIONS
In this work, we analyze the simulation data of WMN-HC system using Friedman test in order to solve the problem of mesh router placement problem in WMNs. For analysis, we have used the proposed and implemented simulation system called WMN-HC and consider different numer of mesh routers. We considered Uniform distribution of mesh clients.
From the simulation results analysis, for all cases of SGC, the p-value is more than 0.05. Thus, we adopt H 0 . On the other hand, for all cases of NCMC, we adopt H 1 because the p-value is less than 0.05. These results show that there is not difference for SGC parameter. However, there is difference for NCMC parameter.
In our future work, we would like to evaluate the performance of the proposed system for different parameters and different scenarios. Moreover, we would like to implement a system based on other algorithms and compare with WMN-HC system.
